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Experiment 1 demonstrated for the first time a stimulus—reinforcer interaction in pigeons trained
with free-operant multiple schedules of reinforcement. Pigeons that treadle pressed in the presence
of a tone-light (TL) compound for food exhibited primarily visual stimulus control on a stimulus-
element test, whereas pigeons that avoided shock in TL exhibited auditory control. In Experiment
2, this selective association was blocked in pigeons pretrained with the biologically contingency-
disadvantaged element of the compound (i.e., tone-food or light-shock) before TL training. When
this pretraining preceded compound-stimulus training, control was now auditory in pigeons that
treadle pressed for food and was visual in pigeons that avoided shock. Previous attempts at blocking
this selective association were unsuccessful in pigeons (LoLordo, Jacobs, & Foree, 1982) but were
successful in rats (Schindler & Weiss, 1985). Experiment 2 established that selective associations can
be blocked in pigeons when the procedures that were effective with rats were systematically repli-
cated. These results further demonstrate the cross-species generality of an associative attentional
mechanism involving a biological constraint on learning in species with different dominant sensory
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systems.
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Studies of constraints on learning have
demonstrated that contingency factors inter-
act with the physical characteristics of stimuli
to influence stimulus salience. Selective asso-
ciations are demonstrated when a set of stim-
uli has been given equal opportunity to con-
trol a response, but the reinforcement
contingencies determine which stimulus is
most effective. To reveal a selective associa-
tion, training is typically conducted with a
compound stimulus. Then, the elements of
the compound are presented separately in
testing to determine the degree to which
each element has gained control of the re-
sponse. When a tone-pluslight (TL) com-
pound discriminative stimulus (SP) occa-
sioned pigeons’ (Foree & LoLordo, 1973) or
rats’ (Schindler & Weiss, 1982) operant re-
sponding, food-maintained responding came
under visual control, whereas auditory con-
trol increased when responding was main-
tained by shock avoidance. This type of selec-
tive association has been described as a
stimulus—reinforcer interaction (LoLordo, 1979).
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Although these selective associations were
believed to be ‘“hard-wired” constraints on
learning, there is evidence that they are mod-
ifiable. Schindler and Weiss (1985) blocked
(Kamin, 1969) a stimulus—reinforcer interac-
tion in rats by bringing lever pressing under
control of the biologically contingency-dis-
advantaged element of the compound stim-
ulus prior to compound-stimulus training.
Food-group rats initially bar pressed for food
in the presence of a tone, while food was un-
available (extinction) in the absence of the
tone. After this discrimination was firmly es-
tablished, a light was added to the tone, cre-
ating a TL compound SP, for 15 additional
training sessions. Symmetrically, rats in the
avoidance group were pretrained to avoid
shock during a light, while the absence of
light was shock free (extinction). Then, a
tone was added to the light, creating a TL
compound SP, and training continued for 15
additional sessions.

When pretraining with the biologically con-
tingency-disadvantaged (hereafter referred to
as contingency-disadvantaged) stimulus element
preceded compound-stimulus training,
Schindler and Weiss’ (1985) stimulus-ele-
ment tests revealed (a) predominantly tone
control in their food group and (b) predom-
inantly light control in their avoidance group.
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The biological constraint on learning (i.e.,
the stimulus-reinforcer interaction) in rats
was surmounted by pretraining with the con-
tingency-disadvantaged element, even after
15 sessions of compound-stimulus training
lasting 2 to 4 hr each.

Although Schindler and Weiss (1985) were
able to block this selective association in rats,
LoLordo, Jacobs, and Foree (1982) were not
able to block it in pigeons. Despite pretrain-
ing with the contingency-disadvantaged ele-
ment, food training produced visual control
and shock-avoidance training produced au-
ditory control in LoLordo et al.’s pigeons.
Such an inconsistency in outcomes has im-
portant implications for this biological con-
straint on learning, suggesting species differ-
ences that limit the generality of the
constraint. However, the possibility remains
that these disparate results are due to proce-
dural differences between the experiments of
Schindler and Weiss and LolLordo et al., rath-
er than to inherent differences between rats
and pigeons.

As a first step in resolving whether the con-
flicting results of Schindler and Weiss (1985)
and LoLordo et al. (1982) represent a true
species difference, the procedures that suc-
cessfully blocked the selective association in
rats should be systematically replicated (Sid-
man, 1960) with pigeons. As yet, a stimulus—
reinforcer interaction has not been reported
for pigeons following compound-stimulus
training with multiple schedules of the type
employed by Schindler and Weiss (1982,
1985) with rats. (Foree & LolLordo, 1973, and
LoLordo et al., 1982, used discrete-trials
training with their pigeons.)

Prior to attempting to block a selective as-
sociation in pigeons through pretraining with
procedures that blocked this type of associa-
tion in rats (Schindler & Weiss, 1985), it was
necessary to determine whether a selective as-
sociation would be obtained in pigeons given
(a) compound SP discrimination training
with the multiple schedules used by Schindler
and Weiss (1982, 1985) with rats and (b) stim-
ulus parameters that emulated those used by
LoLordo et al. (1982) with pigeons. There-
fore, in Experiment 1 two groups of pigeons
were trained with multiple schedules. A com-
pound stimulus (TL) was used as the SP from
the start of training, with one group earning
food and one group avoiding shock in TL. In

the absence of TL, food and shock were not
presented (extinction). After this training,
the pigeons were given a stimulus-element
test to determine whether stimulus control
was predominantly visual or auditory. These
groups were also meant to serve as com-
pound-only controls for the pigeons in Ex-
periment 2, which were pretrained with the
contingency-disadvantaged stimulus element
prior to compound-stimulus training.

EXPERIMENT 1:
COMPOUND-ONLY
TRAINING

METHOD
Subjects

Six naive homing pigeons (approximately
4 months old) and 2 naive White Carneau
pigeons (approximately 2 years old) were in-
dividually housed under a 12:12 hr light/dark
cycle (lights on at 8:00 a.m.). Birds in both
groups (food and shock avoidance) were
maintained at approximately 80% of their
free-feeding weights.

Birds trained with shock-avoidance sched-
ules were implanted with stainless steel elec-
trodes (orthodontic wire) around the pubis
bones under aseptic conditions using the
method of Azrin (1959). The pubis bones are
close to the surface, and the implantation
procedure is essentially equivalent to a sub-
cutaneous injection with a hypodermic nee-
dle. Pigeons were fitted with ultrasuede jack-
ets, and the electrode wires were connected
to a female RCA phono jack that exited at
the back of the jacket.

Apparatus

Two operant chambers were enclosed in
sound-attenuation chests (Weiss, 1970). Inter-
nally, each chamber measured 36 cm long, 24
cm wide, and 26 cm high. The side and rear
walls were translucent white acrylic. The front
wall was unblemished smooth aluminum
painted white with no protrusions or irregu-
larities. The ceiling was clear acrylic with 1.3
cm ventilation holes spaced approximately
2.5 cm apart. The chambers had stainless
steel grid floors with a 1.3-cm solid aluminum
border.

A plastic treadle manipulandum (9 cm by
5.5 c¢m) was attached to a rod inserted
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through a hole in the front wall 2.5 cm from
the floor and 2.5 cm from the left wall. The
treadle was tilted down from the wall, with
the front edge 1.5 cm above the floor and the
rear edge 3.5 cm above the floor. A response
on the treadle with a minimum force of about
0.146 N (15 g) was required to close a micro-
switch. A food aperture (5.8 cm by 5 cm) was
located on the front wall to the right of the
treadle, centered 2.5 cm above the floor and
2.5 cm from the right wall. Activating a sole-
noid raised a hopper filled with mixed-grain
pigeon feed (Purina ProGrains) to the lower
edge of the aperture. No hopper light was
used.

A white 15-W houselight and a red 60-W
stimulus light (both 120 volts) were situated
behind the right translucent wall. Whenever
the red light was on, the white light was off,
and vice versa. A 400-Hz tone with an inten-
sity of approximately 80 dB was produced by
a Hewlett-Packard wide-range oscillator
(Model 200CD) and was delivered through a
5.25-in. Realistic speaker mounted in an en-
closure 3 cm behind the right wall of the
chamber next to the lights. Ambient noise
was measured at approximately 68 dB with
the exhaust fan on. Auditory stimuli were
measured by a General Radio 1565-A SPL me-
ter, scale C. The microphone was perpendic-
ular to the front wall of the chamber, approx-
imately 3 cm above the treadle and 3 cm from
the left wall.

Two solid-state shockers were used (BRS
Model SGS-003 and Coulbourn Model E13-
16). One was dedicated to each chamber. The
shock from only one pair of leads from the
set of scrambled outputs was delivered to a
female %-in. phono jack mounted in the cen-
ter of the chamber’s ceiling. A cable with a
male %-in. phono jack on each end connect-
ed the ceiling jack with the RCA connector
attached to the pigeon’s jacket. Because the
phono plug could rotate in the ceiling jack,
the shock cable did not restrain the bird’s
movement.

Experimental events were controlled and
recorded by a computer located in an adja-
cent room through a MED Associates inter-
face. Training sessions for all groups were
conducted 6 days per week.

Compound-Only Trained Food Group

On the Ist day of training, pigeons were
simply placed in the chambers for 3 hr of ha-

bituation with the white light on and food
scattered on the aluminum strip bordering
the floor. Hopper training began on the 2nd
day, with TL (tone and red light) on through-
out the session. The hopper was raised for 15
s every 2 to 3 min, and when the pigeon de-
pressed the treadle. When the hopper was be-
ing raised, the solenoid activation and the
grain tray hitting the base of the food aper-
ture were audible. On the next day, with TL
on throughout the session, responding was
reinforced on a variable-interval (VI) 7.5-s
schedule. During this session and for the re-
mainder of the experiment, the hopper du-
ration was 4.5 s. Over the next 12 to 15 ses-
sions, the VI value was increased to 15, 30,
45, and finally 60 s, with TL presented
throughout each session. Sessions lasted until
approximately 50 reinforcers had been deliv-
ered.

After 4 days of VI 60-s training, a multiple
schedule was instituted wherein treadle re-
sponses were reinforced in TL. When TL was
off and the white light was on, responding
did not produce food (extinction). TL and
TL-off schedule components alternated on
the average of once per minute within the
range of 30 to 120 s (SEM = 5.2) for TL and
40 to 90 s (SEM = 4) for TL-off. To reduce
response rates in the extinction component,
when the pigeon responded within the last 5
s of TL-off, TL presentation was delayed until
5 s had passed without a response. The value
of the response correction was increased
from 5 to 10 s for all pigeons. The response
correction was increased to 20 s for H-6 after
it failed to meet criterion in close to double
the number of sessions the other birds re-
quired. Sessions averaged 1 hr in length and
ranged from 40 to 90 min depending upon
how often the response correction was acti-
vated.

Discrimination criteria. Training under the
multiple VI 60-s extinction schedule was con-
tinued until a pigeon’s response rate in TL
was at least nine times greater than the rate
in TL-off for three consecutive sessions.

Stimulus-element test. Preceding the test, the
baseline schedule was in effect for approxi-
mately 45 min as a warm-up, which counted
as the third criterion baseline session. Once
the test began, no food was given for the rest
of the session. During the test, tone, red light,
and the TL compound were each presented
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Table 1

Training data for each compound-only trained pigeon in Experiment 1 during criterion base-
line sessions. Number of discrimination sessions prior to testing, responses per minute in the
presence of tone plus light (TL) and the absence of TL, as well as shocks per minute and

reinforcers per minute, are included.

Shock avoidance Food
H1 H7 C1 C2 M H3 H4 Hb5 H6 M
Discrimination Discrimination
sessions 11 7 16 17 12.8 sessions 10 6 10 25 12.8
TL 19.6 16,6 235 21.5 20.3 TL 146 347 175 186 214
Absence 1.9 1.8 2.7 2.7 2.3 Absence 0.7 2.0 1.1 2.0 1.5
Shocks 050 0.24 0.01 0.04 020 Reinforcers 0.75 0.72 080 0.70 0.74

24 times for 60 s each in a block-randomized
order wherein no stimulus followed itself. Be-
tween test-stimulus presentations, for 60 s the
tone and red light were off while the white
light was on. During each condition, treadle
responses were recorded. The test lasted 144
min.

Compound-Only Shock-Avoidance Group

One 3-hr session of habituation in the
chamber was given with only the white light
on. During the next session, escape training
was conducted with TL (tone and red light)
present. Termination of a pulsed shock was
used to successively approximate treadle re-
sponding. This occurred very rapidly (within
5 to 10 min). A free-operant avoidance
(FOA) schedule was then instituted during
the same session wherein each response reset
a 2b-s timer (response—shock [R-S] interval =
25). When 25 s passed without a response,
shock was presented every 5 s (shock-shock
[S-S] interval = 5) until a response was emit-
ted. Under FOA each shock lasted 0.5 s, with
a response during shock resetting the shock
duration timer such that the shock never ter-
minated within 0.5 s of a response. This was
instituted to reduce shock-elicited or occa-
sioned treadle presses.

This FOA schedule was maintained during
daily training sessions (approximately 2 hr
long) with TL on continuously. Shock inten-
sity was adjusted to be no higher than nec-
essary to maintain responding (0.4 to 0.8
mA). This TL-only training continued until a
pigeon avoided 75% of the potential R-S
scheduled shocks (i.e., received 0.6 shocks
per minute or less) for five consecutive ses-
sions. This required 15 to 25 sessions. Then,
a multiple schedule was instituted wherein

the FOA schedule was in effect during TL,
but no shock was programmed (extinction)
in the absence of TL. When TL commenced,
the R-S interval was in effect. Thus, the pi-
geon had to treadle press within 25 s of TL
onset to avoid the first potential shock in a
TL component. Responses during the extinc-
tion component did not prolong that com-
ponent, as they did for the food group. The
TL components averaged 125 s within a
range of 60 to 200 s (SEM = 7.1), and TL-off
schedule components averaged 176 s within
a range of 87 to 280 s (SEM = 9.9). Training
sessions under this two-component multiple
schedule lasted an average of 1.9 hr (SEM =
0.2 hr).

Discrimination criteria. A pigeon was trained
under the multiple FOA extinction schedule
until (a) its response rate in the FOA com-
ponent (TL) was at least nine times that in
the extinction component (white light) for 3
consecutive days, (b) it was avoiding at least
75% of the potential R-S 25-s shocks, as de-
scribed above, and (c¢) it commenced treadle
pressing, prior to a shock prompt, in at least
75% of the TL components. (Pigeons C1 and
C2 were tested with discrimination response
ratios of 8.7 and 8.0, respectively, when they
reached 1.5 to 2 times the training sessions
of the other pigeons in the group.) After sat-
isfying these criteria, each pigeon received a
stimulus-element test identical to that admin-
istered to the compound-only food group.

RESULTS AND DISCUSSION

Terminal baseline response and reinforce-
ment rates, as well as discrimination training
sessions to criterion, are presented in Table
1. The treadle pressing of all pigeons was
clearly under stimulus control, with mean TL
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Table 2

Stimulus-element test results for compound-only trained pigeons in Experiment 1. Response

rates in the presence of tone, red light, and
are indicated for each bird.

tone-plus-light (TL) and in the absence of TL

Shock avoidance Food
H1 H7 Cl C2 M H3 H4 Hb5 H6 M
Tone 7.6 2.2 22.2 9.5 10.4 0.5 0.0 0.5 0.5 0.4
Red light 0.4 0.8 10.5 5.7 4.3 8.9 155 4.6 5.8 8.7
TL 8.5 3.8 24.0 21.6 14.5 7.7 21.9 10.9 7.5 12.0
Absence 1.2 1.6 6.1 4.8 3.4 0.7 0.4 0.3 0.8 0.6

rates differing by only 1.1 responses per min-
ute over groups. Rates in TL absence were
minimal.

Stimulus-element test results for each sub-
ject are presented in Table 2. This test assayed
the degree of control by each of the elements
comprising the compound SP, tone and red
light. All food-trained pigeons emitted over
90% of their element responses in the red
light. In comparison, light controlled only
25% of the element responses in the shock-
trained pigeons, a significantly lower per-
centage, #(6) = 9.29, p < .01. A Stimulus-El-
ement X Group ANOVA yielded a significant
interaction, F(1, 6) = 18.11, p < .0l. Paired
comparisons using contrasts confirmed that
the food group emitted significantly more re-
sponses to light than to tone, (1, 6) = 12.18,
p < .02, and the shock-avoidance group emit-
ted significantly more responses to tone than
to light, F(1, 6) = 6.40, p < .05. This signifi-
cant interaction demonstrates that the stim-
ulus parameters used here were capable of
producing a stimulus-reinforcer interaction
(see Figure 1) similar to that reported by Fo-
ree and LoLordo (1973) in pigeons given dis-
crete-trials training. This represents the first
demonstration of a selective association in pi-
geons trained on free-operant multiple
schedules of reinforcement.

When Schindler and Weiss (1982) reported
a selective association in rats trained on mul-
tiple schedules like those used with pigeons
in this experiment, they also found a confi-
gural effect wherein the compound con-
trolled a higher rate in testing than either el-
ement did. Table 2 reveals that was also true
for the pigeons in Experiment 1. Overall TL
controlled rates 1.4 times higher than those
controlled by the high-rate element for the
shock-avoidance group (tone) and the food

group (light). The test rate to TL was signif-
icantly higher than that controlled by the
high-rate element, #(7) = 2.45, p < .05.

EXPERIMENT 2:
ELEMENT PRETRAINING

We are now prepared to investigate wheth-
er the stimulus-reinforcer interaction pro-
duced in Experiment 1 can be blocked. In
Experiment 2, multiple-schedule pretraining
procedures like those employed by Schindler
and Weiss (1985) with rats were used with pi-
geons. Pigeons now received discrimination
training with the contingency-disadvantaged
element of the compound prior to com-
pound-stimulus discrimination training.
Thus, the food group was pretrained on a
multiple VI extinction schedule in which the
VI SP was a tone and extinction was signaled
by tone-off. The avoidance group was pre-
trained on a multiple FOA extinction sched-
ule in which the FOA SP was a red light and
extinction was signaled by red light-off. After
the tone-food or light-shock discrimination
was established, training was continued for 15
additional sessions with the SP changed to TL
(tone and red light). Then, a stimulus-ele-
ment test was administered wherein tone, red
light, and TL were presented.

Schindler and Weiss’ (1985) rats showed
control by the pretrained element in testing.
However, technically, similar test rates to tone
and light would also indicate that pretraining
blocked the selective association. Control by
the pretrained stimulus is evidence that the
selective association was completely sur-
mounted by an associative process in rats.
The modality of control was actually reversed!
Would this also occur in pigeons, a species
whose dominant sensory modality differs
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Fig. 1. Interaction profile showing results of the stim-
ulus-element test for pigeons given compound-only train-
ing (Experiment 1). The mean percentages (=SEM) of
responses in the presence of the tone (filled circles) and
light (open squares) are shown for groups trained with
food or with shock. To calculate these mean percentages,
each pigeon’s test responses in the presence of the tone
and in the presence of the light were converted to a per-
centage of that pigeon’s total responses in tone and in
light. These results represent a systematic replication of
the stimulus-reinforcer interaction with pigeons trained
on multiple schedules of reinforcement.

from that of rats? A complete systematic rep-
lication of Schindler and Weiss’ (1985) re-
sults in pigeons would demonstrate compel-
ling cross-species generality in the associative
processes that are responsible for blocking se-
lective associations.

METHOD
Subjects and Apparatus

Eight naive homing pigeons comparable to
those used in Experiment 1 were prepared
and housed as described therein. The same
apparatus was used in Experiments 1 and 2.

Element-Pretrained Food Group

On the 1st day of training, the pigeons
were simply placed in the chambers for 3 hr
of habituation with the white light on and
food scattered on the aluminum border
around the floor. Hopper training, VI train-
ing, and initial discrimination training were
like that described for the compound-only
food group of Experiment 1, with the excep-
tion that tone alone was presented rather
than the TL compound.

During element discrimination training
(i.e., pretraining), tone-on and tone-off

schedule components alternated as com-
pound-on and compound-off did in Experi-
ment 1. To reduce response rates in the ex-
tinction component (tone-off), when the
pigeon responded within the last 5 s sched-
uled for the tone-off component, tone pre-
sentation was delayed until 5 s had passed
without a response. Because of persistent re-
sponding in the absence of tone, to achieve
auditory stimulus control with food it was
necessary to increase the value of the re-
sponse correction from 10 to 15, 20, 30, 40,
and finally 60 s over the next 24 to 30 ses-
sions. Sessions averaged 2 hr in length and
ranged from 70 to 360 min depending upon
how often the response correction was acti-
vated.

Discrimination criteria. Training under the
multiple VI 60-s extinction schedule was
maintained until a pigeon’s response rate in
the presence of the tone was at least nine
times greater than during tone-off for five
consecutive sessions. Once this discrimina-
tion criterion was met, compound-stimulus
training began. The same multiple schedule
was used, with response correction described
above, but now tone and red light (TL) were
presented simultaneously during the VI 60-s
component. After 15 sessions of discrimina-
tion training averaging 2-hr each (range, 80
to 220 min) with the compound stimulus, a
stimulus-element test like that described in
Experiment 1 was administered. Pro-
grammed component durations (not includ-
ing time added by response correction) for
element and compound discrimination train-
ing of this food group were the same as those
used with the food group of Experiment 1.

Element-Pretrained Shock-Avoidance Group

Habituation, shock escape, and FOA train-
ing were implemented as described for the
compound-only avoidance group of Experi-
ment 1, but the element-pretrained avoidance
group was in red light rather than the TL
compound.

The FOA schedule was maintained during
daily training sessions (approximately 3 hr),
with the red light present throughout each
session, until a pigeon avoided 75% of the
potential R-S scheduled shocks for five con-
secutive sessions. This required 8 to 16 ses-
sions. Then, a multiple schedule was institut-
ed wherein the FOA schedule was in effect in
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Table 3
Training data for each element-pretrained pigeon in Experiment 2 during criterion baseline
sessions of element pretraining and the last three sessions of compound training. Number of
discrimination sessions, responses per minute in light, tone, tone plus light (TL) and the
absence of these respective stimuli, as well as shocks per minute and reinforcers per minute,
are included.
Shock avoidance Food
H17 HI8 HI9 H20 M H21 H22 H23 H24 M
Element pretraining
Discrimination Discrimination
sessions 60 26 67 51 51.0 sessions 96 35 45 55 57.8
Light 241 108 222 194 19.1 Tone 26.3 360 212 17.0 251
Absence 1.5 1.1 1.4 2.0 1.5 Absence 2.4 2.4 1.8 1.3 2.0
Shocks 022 0.18 0.02 0.02 0.11 Reinforcers 0.75 085 0.7 0.74 0.77
Compound training
Discrimination Discrimination
sessions 15 15 15 15 15.0 sessions 15 15 15 15 15.0
TL 242 11.7 251 235 211 TL 319 430 148 16.7 26.6
Absence 1.2 1.5 1.8 3.8 2.1 Absence 0.7 1.5 1.0 0.7 1.0
Shocks 0.06 024 0.01 0.02 0.08 Reinforcers 0.77 0.80 0.64 0.70 0.73

the presence of the red light, but no shock
was programmed (extinction) when the red
light terminated and the white light came on.
Responses in the extinction component did
not prolong that component, as they did in
the food group. The FOA and extinction
components alternated as they did in Exper-
iment 1.

Discrimination criteria. A pigeon was trained
under the multiple FOA extinction schedule
specified above until its performance satisfied
the discrimination criteria described for the
compound-only avoidance group in Experi-
ment 1. These sessions averaged 3.3 hr (SEM
= 0.1 hr). Then, compound-stimulus training
was begun. The same multiple schedule was
maintained, but now the red light and tone
were presented simultaneously during FOA
components. After 15 daily compound-stim-
ulus discrimination training sessions averag-
ing 3.1 hr (SEM = 0.2 hr), these pigeons re-
ceived a stimulus-element test identical to
that administered to the pretrained food
group. Component durations for element
and compound discrimination training of
this shock group were the same as those used
with the shock group of Experiment 1.

RESULTS AND DISCUSSION
Training

Criterion data are presented in Table 3 for
the element-pretraining phase of Experiment

2 and the subsequent compound-stimulus
training phase. Terminal baseline response
and reinforcement rates, as well as discrimi-
nation training sessions to criterion, are also
presented. The treadle pressing of each pi-
geon was clearly under control of the stimu-
lus element at the end of pretraining. There
was no systematic change in rates when the
contingency-advantaged element was added
to the pretrained element, creating the TL
compound. This is revealed when pretrained
element criterion rates from Table 3 (A) are
compared to TL rates for the initial three
compound training sessions (B). For shock-
trained Birds 17, 18, 19, and 20, these rates
(A/B) were, respectively, 24.1/25.1, 10.8/
10.7, 22.2/20.6, and 19.4/23.5. These A/B
rates were 26.3/24.6, 36.0/26.1, 21.2/24.2,
and 17.0/9.5 for food-trained Birds 21, 22,
23, and 24, respectively. Rates in TL absence
were essentially unchanged during this tran-
sition.

Response rates in TL after 15 sessions of
compound-stimulus discrimination training
were, overall, within 10% of those controlled
by the pretrained element in the previous
phase. Criterion TL rates were similar across
groups in Experiment 2, #(6) = 0.74, p > .48,
just as they were in Experiment 1. Further-
more, criterion TL rates were comparable for
the four groups of Experiments 1 and 2, F(3,
12) = 043, p > .74.
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Table 4

Stimulus-element test results for element-pretrained pigeons in Experiment 2. Response rates
in the presence of tone, red light, and tone-pluslight (TL) and in the absence of TL are

indicated for each bird.

Shock avoidance Food
H17 H18 H19 H20 H21 H22 H23 H24 M
Tone 3.7 0.7 1.0 2.2 1.9 11.9 15.5 5.8 3.0 9.0
Red light 27.1 9.3 10.0 22.0 17.1 11.2 6.3 1.5 1.3 5.1
TL 28.5 11.7 13.6 21.7 18.9 20.1 31.9 11.3 13.6 19.2
Absence 2.5 2.2 2.9 5.5 3.3 1.1 0.6 1.1 0.3 0.8

In Experiment 1, in which pigeons re-
ceived only compound-stimulus discrimina-
tion training, the discrimination criteria were
satisfied after an average of 12.8 sessions for
both food and shock-avoidance groups. In
comparison, about four times as many ses-
sions were required to reach these criteria in
the element-pretraining phase of Experiment
2. Two factors probably contributed to the
more rapid acquisition by compound-only
than element-pretrained pigeons in the pres-
ent study. First, discrimination training is
more effective with multielement cues than
with single-element cues (Eninger, 1952; Es-
tes, 1950; Kamin, 1969). Second, acquisition
is two to three times faster when the contin-
gency-advantaged stimulus is the SP than
when the contingency-disadvantaged stimulus
is the SP (LoLordo et al., 1982, Experiment
1).

Stimulus-Element Test

Experiment 2 stimulus-element test results
are presented in Table 4. When compound-
stimulus training followed element pretrain-
ing, 68.1% of the element test responses of
food-trained pigeons were emitted in the
tone (their pretrained stimulus). In compar-
ison, 90.7% of the element test responses of
the shock-avoidance trained pigeons were
emitted in the light (their pretrained stimu-
lus). The percentage of element responses
controlled by the light was significantly great-
er in the shock group (90.7%) than in the
food group (31.9%), #(6) = —9.80, p < .01.
This stimulus control is the reverse of that
obtained in Experiment 1.

A Stimulus-Element X Group ANOVA
yielded a significant interaction, F(1, 6) =
20.71, p < .01. Paired comparisons using
contrasts showed that the shock-avoidance

group emitted significantly more responses
to light than to tone, F(1, 6) = 25.98, p <
.01. Although the difference between tone
and light failed to reach significance in the
food group, F(1, 6) = 1.79, p > .22, all pi-
geons in the food group had higher rates in
the presence of the tone than in the pres-
ence of the light, and overall tone rate was
almost double that in the presence of the
light for this group. This clearly shows that
the selective association was blocked in the
pretrained food group, because the com-
pound-only trained food group of Experi-
ment 1 emitted, on average, close to 22 times
more responses in the presence of the light
than in the presence of the tone.

The Experiment 2 interaction profile pre-
sented in Figure 2 (after element pretrain-
ing) is the mirror image of that presented in
Figure 1, in which pigeons received only com-
pound-stimulus discrimination training. This
shows, contrary to previous findings (Lo-
Lordo et al., 1982), that a stimulus—reinforcer
interaction can be powerfully blocked in pi-
geons, just as it was blocked in rats (Schindler
& Weiss, 1985). Associative processes have
again been shown to have a profound influ-
ence on a phenomenon classified as a biolog-
ical constraint on learning (cf. Panlilio &
Weiss, 1993; Weiss, Panlilio & Schindler,
1993a, 1993b).

In Experiment 1, during testing the com-
pound controlled approximately 1.4 times
the high-rate element in both the food and
the shock-avoidance trained pigeons. This
configural effect was obtained in only the
food group in Experiment 2 for whom TL
controlled significantly more (double) re-
sponding than the high-rate element did, ¢(3)
= 4.59, p < .02. In comparison, for the pre-
trained shock pigeons TL and the high-rate
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Fig. 2. Interaction profile showing results of the stim-
ulus-element test for pigeons pretrained with the biolog-
ically contingency-disadvantaged element prior to com-
pound-stimulus training (Experiment 2). The mean
percentages (£ SEM) of responses in the presence of the
tone (filled circles) and light (open squares) are shown
for groups trained with food or with shock. To calculate
these mean percentages, each pigeon’s test responses in
the presence of the tone and in the presence of the light
were converted to a percentage of that pigeon’s total re-
sponses during tone and during light. The pretrained
stimulus was dominant in each group, demonstrating
that the stimulus-reinforcer interaction was powerfully
blocked.

element controlled similar rates of treadle
pressing in testing, 18.9 and 17.1 responses
per minute, respectively. This difference in
configural effects for pretrained food and
shock groups, as well as the asymmetry of the
Figure 2 interaction profile, suggests that
blocking was more complete in the pre-
trained shock pigeons than in the pretrained
food pigeons.

In the pretrained pigeons, that the added
visual element would gain more control with
food than the added auditory element would
with shock is consistent with the stronger se-
lective association obtained with food than
with shock (see Figure 1) for the compound-
only trained pigeons of Experiment 1. In Ex-
periment 1, light controlled 94.3% of the el-
ement responses for the food group, whereas
tone controlled a significantly smaller 75.1%
of the element responses for the shock
group, #6) = 2.57, p < .05. Similar relative
selective association effects for food and
shock groups have been reported in rats
(Schindler & Weiss, 1982) and pigeons (Fo-
ree & LoLordo, 1973).

In experiments investigating blocking in
the classical conditioning paradigm, uncon-
ditioned stimulus—only and truly random
conditioned stimulus/unconditioned stimu-
lus controls are often used. Unfortunately,
these controls cannot be effectively applied
in the operant situation because their un-
derlying operations often interfere with, and
even counteract, the behavioral control de-
rived from stimulus-response-reinforcer
contingencies. For example, applying the
truly random control procedure to the con-
ditioned emotional response paradigm
caused rats to cease bar pressing, and they
did not recover (Seligman, 1968). The com-
pound-only trained pigeons of Experiment 1
in the present study are the controls for Ex-
periment 2. They reveal the stimulus control
resulting without pretraining to the contin-
gency-disadvantaged element of the com-
pound. The extensive pretraining to a strin-
gent discrimination criterion had the
predicted effect, completely reversing the
compound-only training interaction profile
(cf. Figures 1 and 2). Therefore, plausible
alternative explanations of this dramatic out-
come are essentially eliminated (Seligman,
1969).

GENERAL DISCUSSION

In Experiment 1, the stimulus—reinforcer
interaction produced in pigeons with dis-
crete-trials training (Foree & LoLordo 1973;
LoLordo et al., 1982) was systematically rep-
licated for the first time using free-operant
multiple schedules of reinforcement with this
species. After establishing that our multiple-
schedule training procedures and stimulus
values produced a robust stimulus—reinforcer
interaction with compound-only discrimina-
tion training (see Figure 1), we progressed to
Experiment 2.

Comparison of Schindler and Weiss (1985)
and Experiment 2

Experiment 2 was designed to be method-
ologically comparable to that of Schindler
and Weiss (1985), who blocked a stimulus—
reinforcer interaction in rats. In Experiment
2, pretraining pigeons with the contingency-
disadvantaged stimulus element did more
than minimally block acquisition of predom-
inant control by the added reinforcer-advan-
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Fig. 3. Interaction profile showing results of the stim-
ulus-element test for rats pretrained with the biologically
contingency-disadvantaged element prior to compound-
stimulus training, as the pigeons in Experiment 2 of the
present study were. The mean percentages (*SEM) of
responses in the presence of the tone (filled circles) and
light (open squares) are shown for groups trained with
food or with shock. To calculate these mean percentages,
cach rat’s test responses during tone and during light
were converted to a percentage of that rat’s total respons-
es during tone and during light. (Figure derived from
data presented in Schindler & Weiss, 1985.)

taged element during subsequent compound-
stimulus training. Control by the pretrained
element was maintained after extensive com-
pound-stimulus training, just as it was in
Schindler and Weiss’ (1985) rats.

The interaction profile produced by Schin-
dler and Weiss’ (1985) pretrained rats pre-
sented in Figure 3 bears a striking resem-
blance to that produced by the pretrained
pigeons in Experiment 2 of the present study
(see Figure 2). This comparability over spe-
cies is especially noteworthy, and not entirely
anticipated, because rats and pigeons have
different dominant sensory modalities. Estab-
lishing species generality is an important type
of scientific advance because ‘“When one
technique is shown to be applicable to several
species, we gain additional confidence for re-
lated techniques [and processes]” (Sidman,
1960, p. 66).

Comparison of LoLordo et al. (1982)
and Experiment 2

Although the stimulus-reinforcer interac-
tion was blocked in Experiment 2 of the pres-
ent study, but not by LoLordo et al. (1982),
there are several areas of agreement between

these studies that should not be overlooked.
For example, LoLordo et al.’s pigeons that
earned food (Experiment 2) or avoided
shock (Experiment 3) only in the TL com-
pound produced a stimulus-reinforcer inter-
action qualitatively similar to that reported
for the compound-only trained pigeons in Ex-
periment 1 of the current study. Further-
more, although LoLordo et al.’s pretraining
(tone-food or light-shock) did not block the
stimulus-reinforcer interaction in their pi-
geons, it did have a measurable influence on
its magnitude. In testing, their pretrained
groups responded more in the presence of
the pretrained (i.e., the contingency-disad-
vantaged) element than did their compound-
only trained pigeons. This pattern of results
suggests, as one might expect, that pretrain-
ing can produce a continuum of effects, from
a modest increase in control by the pre-
trained element (LoLordo et al.) to predom-
inant control by that stimulus (Experiment 2,
present study).

LoLordo et al.’s (1982) procedures includ-
ed many response-correlated and reinforcer-
correlated stimulus changes that were unre-
lated to, and could even have conflicted with,
the stimulus-reinforcer associations that were
the objective of their pretraining, tone-food
and light-shock. They employed discrete-trials
training wherein a pigeon’s first treadle press
in the 5-s stimulus produced 5-s access to an
illuminated grain-filled magazine (food
group) or avoided shock (shock group) while
simultaneously terminating the stimulus.
Thus, in their pretrained food group, tone
control might have been compromised when
tone offset and a hopper-light onset signaled
grain. In addition, intertrial interval respons-
es darkened the chamber briefly (160 ms) for
all pigeons. This variety of stimulus changes
potentially created “noise” that could have
contaminated their intended pretrained ele-
ment associations.

In contrast, Schindler and Weiss’ (1985)
design, and that of the present Experiment
2, were intended to minimize response-cor-
related and reinforcer-correlated stimulus
changes unrelated to their central pretrain-
ing stimulus-reinforcer contingencies, tone-
food and light-shock. Neither responses nor
the presentation of reinforcers was correlated
with a change in the SPs setting the occasion
for responding, and responses did not alter
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the background illumination signaling the
extinction period. This was accomplished
with multiple schedules in which components
were 1 to 3 min long, moderate steady re-
sponse rates were maintained and responses
did not terminate the SP. Further, reinforcers
were intermittent (VI food or FOA of shock),
several could be earned per component, and
they were seldom, if ever, correlated with
component termination. In addition, rats
(Schindler & Weiss, 1985) and pigeons (Ex-
periment 2, present study) that were pre-
trained to earn food in the presence of the
tone had only an auditory magazine signal
(i.e., sounds related to solenoid activation) as-
sociated with food presentation. Balsam and
Gibbon (1988) have shown that the presence
of an auditory stimulus during grain presen-
tation facilitates tone-food associations in pi-
geons.

After pretraining, the pigeons in the pres-
ent Experiment 2 and Schindler and Weiss’
(1985) rats received 15 compound-stimulus
training days wherein they earned reinforc-
ers in TL for 30 to 45 hr. LoLordo et al.’s
(1982) pigeons received five sessions of com-
pound-stimulus training wherein they accu-
mulated about 750 TL-food or TL-shock
avoidance trials during which they were in
the presence of TL for a total of up to an
hour, and this was clearly enough for the
added stimulus to gain control. In contrast,
for the pigeons of the present Experiment
2, control was maintained by the pretrained
stimuli even though they had appreciably
more compound-stimulus time than Lo-
Lordo et al.’s (1982) pigeons, suggesting
that little associative strength remained to be
conditioned after pretraining in the pigeons
in the present experiment (Rescorla & Wag-
ner, 1972) .}

! LoLordo et al. (1982) do not report the number of
pretraining sessions for their tone-food (Experiment 2)
or lightshock avoidance (Experiment 3) pretrained pi-
geons. However, in Experiment 1 they trained pigeons to
criterion under these conditions, wherein the pigeons re-
sponded on at least 75% of the trials for one session.
Extrapolating from their Experiment 1 groups, and in-
cluding the five additional postcriterion sessions pigeons
received in Phase 1 of Experiments 2 and 3, their pre-
trained food group should have received an average of
13.8 pretraining tone-food sessions, whereas their pre-
trained shock-avoidance pigeons should have received an
average of 14 light-shock sessions.

In Experiment 2 of the present study, pretraining con-

To summarize, the procedures used in Ex-
periment 2 of the present study differed
from those of LoLordo et al. (1982) in many
ways, including multiple-schedule versus dis-
crete-trials discrimination training, many re-
sponses per SP versus one response per SP,
partial reinforcement of responding in SP
versus 100% reinforcement, SP extending
beyond the occurrence of a response (even
a reinforced one) versus a response termi-
nating the SP and producing reinforcement
simultaneously, auditory only versus audio-
visual grain-magazine signals, extinction ver-
sus reinforced testing, rate versus single re-
sponse emission as dependent variables,
potentially more versus less element pre-
training, and more versus less compound-
stimulus training. The number of procedur-
al differences in these two experiments, plus
the potential interactions between these fac-
tors, make determination of the precise
causes of the conflicting results in these pre-
training experiments a potentially over-
whelming undertaking, although some rec-
ommendations have been proposed above.
In any event, that undertaking is clearly be-
yond the objective of the current experi-
ments, which demonstrated that selective as-
sociations can be blocked in pigeons when
the procedures effective with rats are system-
atically replicated.

Conclusion

One of the problems Domjan and Galef
(1983) found with the constraints on learn-
ing literature concerned its emphasis on cat-
aloguing phenomena apparently inconsistent
with the equipotentiality assumption of gen-

tinued until food pigeons achieved a 9:1 discrimination
response ratio for five consecutive sessions and the shock-
avoidance pigeons additionally met shock-rate criteria (see
Procedure). To achieve this, in Experiment 2 of the pres-
ent study food pigeons received an average of 57.8 pre-
training sessions and the pretrained shock pigeons re-
ceived an average of 51 sessions. Although a comparison
between discrete-trials and multiple-schedule training
sessions is at best indirect, it can be argued that the pi-
geons in Experiment 2 of the present study received
more pretraining to more rigorous criteria than did
those of LoLordo et al. (1982). Unfortunately, even if
one accepts that comparison, its implications must be
viewed cautiously because parametric manipulation of
neither amount of element overtraining (Blumenthal,
1980) nor compound training (Azorlosa & Cicala, 1988)
has produced powerful, systematic, or consistent effects
on blocking.
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eral-process learning theory, with species dif-
ferences emphasized. They lamented that
unifying testable explanatory concepts were
seldom generated, and suggested that possi-
bly one of the most important endeavors in
the study of constraints on learning is a better
understanding of species differences and sim-
ilarities. The present experiments were for-
mulated in that spirit. For the first time, a
stimulus-reinforcer interaction has been
blocked in pigeons. What has been interpret-
ed until now as a species-based difference re-
lated to the selective-association constraint on
learning can instead be attributed to proce-
dural differences between the studies of
Schindler and Weiss (1985) and LolLordo et
al. (1982).

The equivalence of our results with pre-
trained pigeons and those of Schindler and
Weiss (1985) with rats pretrained under com-
parable conditions (cf. Figures 2 and 3) com-
pellingly supports the operation of similar
underlying processes across species. In addi-
tion, the fact that a stimulus—reinforcer inter-
action can be blocked in both species further
illustrates how associative mechanisms can
profoundly influence, and even override, a
biological constraint on learning. The block-
ing phenomenon played a central role in the
formulation of the influential Rescorla—Wag-
ner (1972) model of associative learning. By
demonstrating that the blocking of selective
associations generalizes over species, the cur-
rent study further relates this biological con-
straint on learning to general conditioning
principles.
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